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A b stract : Photoacoustic spectroscopy (PAS) has been applied to study the plant-pathogen interactions and the pathological diagnosis of 
diseases in various plant species. The Photoacoustic (PA) spectra o f fungal infected leaves and healthy leaves were recorded. The samples o f the 
mustard { B ,ju n c e a  var. Kranti) leaves infected with Altemaria blight, exhibited a higher PA signal strength than that o f the untreated (healthy) leaves 
o f same cultivars as well as that o f the cabbage and radish. It has been observed that the PA signal strength obtained from the diseased leaves were 
consistently higher than that o f the healthy leaves for all samples. One of the possible reasons behind this fact is the contribution of larger heat 
emission through the disease leaves than the healthy leaves, giving rise to higher signal strength. Our investigations also demonstrate the interaction 
of light radiation with the plant leaves and their pigments. The PA signal recoded from the conidia o f different isolates o f A lte m a r ia  sp. (A. b ra ss ica e , 
A. b ra s s ic ic o la  a n d  A . ra p h a n i)  also show differences in their characteristic graphic patterns.
K eyw ords : Photoacoustic spectroscopy, absorption o f radiation, plant pathogen interaction. A lte m a r ia  isolates.
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1. Introduction
The Photoacoustic spectroscopy is an established technique 
for studying different physical properties of solids, semi­
solids, liquids, semiconductors, biological materials etc . 
This technique is based on the optoacoustic effect (later 
known as photoacoustic effect) discovered by Alexander 
Graham Bell [1]. The primary development of this 
technique was led by Rosenewaig and Gersho [2]. The 
photoacoustic signal generated within the photoacoustic 
cell is produced as a result of periodic heat flow from 
the sample to the surrounding gas, as the sample is 
periodically heated by the excitation radiation. An electret/ 
condenser microphone attached to the sample compartment 
of the PA cell is used to detect the acoustic signal. The 
sample for studies is mounted in the sample holder in 
such a way that its front surfaces are exposed to the air 
(gas) widiin the cell. The boundary layer of air may be
considered as a vibrating piston, which produce acoustic 
signal. The strength of the photoacoustic signal depends 
on the nature of material viz. density, specific heat thermal 
diffusivity of material. The strength of PA signal also 
depends on the intensity of radiation, absorption coefficient 
of the sample and the wavelength of the incident radiation. 
PA effect is basically an energy conversions process in 
which electromagnetic radiations are converted into heat 
energy and, this in turn, generates the acoustic signal.
Although many biological materials occur naturally in 
a soluble state, however, some are the membrane-bound 
and some part of the tissue structures. These materials 
are insoluble and function biologically within a more or 
less solid matrix. Optical data on these materials are 
generally, not in a suitable state for conventional 
transmission spectroseppy and when solubilized, they are 
often structurally altered [2]. The present study deals
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with the understanding of the plant pathogen interaction 
by PA technique, which can be employed for investigating 
the properties of such biological materials both in -v itro  
and in -v iv a . This method is being successfully applied to 
understand the photo-biological responses from plants 
related to agriculture and many other fields. The PA 
technique was so far applied in photosynthesis research 
to detect ethylene produced by plants during senescence 
[3—6], to study the effect of herbicides on plants [7], to 
detect the fungal infections in seeds [8,9] and leaves 
infected by fungal and to detect the leaves’ diseases [lO- 
14].
Successful execution of disease management program 
depends on the understanding of pathogen population 
structure and mechanism by which variation arises within 
those populations. A. h ra s s ic a e , A . b r a s s ic ic o la  and 
A. ra p h a n i are the major pathogens, which attack on 
their hosts mustard, cabbage and radish. Therefore, we 
have planned to use PAS technique for early detection of 
disease caused by dift'erent A lte m a r ia  sp. vi^ . A. b ra ss ica e , 
A. b r a s s ic ic o la  and A. ra p h a n i. The information is based 
on exploiting the differences of reduced photosynthesis, 
destruction of leaf tissue/pigments and accumulation of 
specific substances. In the present study, we report, the 
PA spectra of A lte r n a r ia  infected leaves of different 
genotypes (B. ju n c e a  var. Kranti, B. o le r a c e a  var. c a p ita ta  
and R. s a tiv u s ) . The major objective to undertake the 
study was to exploit the potential of PAS as a diagnostic 
tool for detection of pathogens.
2. Materials and methods
2 .1 . E x p e r ie n tia l s e tu p  :
The schematic experimental setup of PAS is shown in 
Figure 1. The 632.8 nm radiation of 10 mW linearly 
polarized He-Ne laser (510 P, Aerotech, USA) is used as 
a radiation source. Although He-Ne laser can operate in 
three different spectral regions (632.8 nm, 1150.0 nm 
and 3390.0 nm), its operation in red at 632.8 nm is
usually expected when it is used for alignment, 
interferometery, data processing e tc . The visible He-Ne 
laser radiation at 632.8 nm arises from 3S^  to 2P^ 
transition, which provides the laser action. This radiation 
passed through a mechanical chopper (model SR 540 
OPTICAL CHOPPER), which chops the incident light 
radiation at the rate of 4 Hz to 4 KHz. The modulated 
radiation was focused into the sample compartment of an 
indigenously developed photoacoustic cell. The photo­
acoustic cell is the most important part of the experimental 
arrangement. This is a thin aluminum cell body, which is 
acoustically isolated from the external disturbances and 
noises. A sample holder made of gun metal is placed 
inside the cell and the light radiation fall on it through 
the quartz window. A sensitive condenser microphone 
attached to the right side of the sample holder is used to 
detect the PA signals. The PA responses were recorded 
by varying the chopping frequency from 5 Hz to 350 
Hz. The signal was amplified by preamplifier (variable- 
gain) and then processed by a lock-in-amplifier (model # 
SR-530, USA). The time constant of 30 seconds was 
used for all measurements. The lock-in-amplifier increases 
the signal to noise (S/N) ratio. Lock-in-amplifier also 
generate reference signal for chopper by PPL (phase 
locked loop) circuit. The experiment is carried out at the 
incident radiation of 632.8 nm and the chopper frequency 
varied from 5 Hz to 350 Hz.
The resolution of instrument/monochromator is 5 nm. 
In the present investigation monochromatic light from 
He-Ne source has been used as the excitation energy; 
therefore, the resolution of the instrument does not affect 
the signals, strength significantly. The time constant of 
the frequency counter is 0.01 Hz. The PA signals depend 
only on chopper frequency, not in time therefore, no 
variation in PA signal occurs with time.
2.2. O b ta in in g  A lte r n a r ia  is o la te s  :
Isolation from distinct leaf spots naturally produced on 
B, ju n c e a  var. Kranti (mustard), B. o le r a c e a  var. ca p ita ta  
(cabbage) and R, sa tiv u s  (radish), resulted in constant 
recovery of three distinct A lte rn a r ia  isolates (A. brassicae, 
A. b r a s s ic ic o la  and A. ra p h a n i) . Fresh isolations from 
the above respective category of A lte r n a r ia  isolates were 
obtained separately as generation of single conidial culture 
on radish root mannitol agar (radish root extract 200 g* 
agar 20 g/l and mannitol 20 g/1) supplemented with rose
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bengal (50 /ig/1). All the three A l te m a r ia  isolates were 
juither maintained on the above medium at 20 ± 2®C.
P la n t m a te r ia l  :
Mustard {B. ju n c e a  var. Kranti), cabbage {B. o le r a c e a  
var. c a p ita ta )  and radish (/?. s a tiv u s )  were taken to study 
host pathogen interaction. Seeds of the above genotypes 
were grown in plastic pots having steam>steriiized soil 
(loamy soil + sand -t- FYM in ratio of 3 : 1 ; 1). For this 
purpose, surface sterilized seeds with 0.5% NaOCl2 
solution were sown in these pots and kept inside the 
glasshouse. 2 plants/pot, with three replications of each 
genotype were maintained after 20 days of sowing.
2.4. P re p a ra tio n  o f  in o cu lu m  :
Conidial suspension 1.5 x 10^  ml~* was prepared from 
15-day-oId culture of A l te m a r ia  isolates (A. b ra s s ic a e , A. 
brassicicola and A .ra p h a n i)  separately in sterilized distilled 
water. Spore suspension was passed through four layers 
of cheesecloth, to remove mycelial fragments and 
centrifuged at 30(X) rpm for 5 min for removal of 
unwanted material. Then the conidial concentration in the 
inoculum was maintained for each isolate at 1.5 x 10*'^  
conidial mh*’ with the help of haeinocytometer.
2.5. In o cu la tio n  o f  p la n ts  :
Thirty-day-old plants were inoculated separately with 
A ltem aria  isolates (A. b ra s s ic a e , A. b r a s s ic ic o la  and A. 
raphani), with the inoculum as prepared above. The 
plants were inoculated with the atomizer. The plants 
were kept in the moist chamber with 90-95% RH and 
temperature 15 ± 2®C.The pots were well marked/tagged 
and kept inside the moist chamber for symptoms 
development. Appropriate control was also maintained by 
inoculating the leaves with sterilized distilled water.
2.6. PA s p e c tr a  o f  le a v e s  :
Infected leaves of mustard, cabbage and radish were 
collected according to different treatments in different 
polythene bags from the glass house and brought to the 
laboratory for recording the photoacoustic spectra. About 
I cm^  area of the leaves having 10 mg weight (healthy, 
resistant and inoculated with different isolates of 
brassictie^  A. b r a s s ic ic o la  and A. ra p h tm i)  were cut 
and enclosed in the photoacoustic cell fen* recording the 
Pbotoacoustic spectra. The experimental conditions were 
same for each leaf. It is pointed out that no variety 
been found so far which is resistant to Altemaria
blight pathogen, but some tolerant varieties are there and 
wc arc taking one such variety B, J u n c ea  cv. PHR-l in 
our experiment. The experiment was repeated three times 
to get better accuracy.
PA s p e c tr a  o f  d if fe re n t A l te m a r ia  is o la te s  :
For stud|ying PA spectra of different isolates of Altemaria, 
20-day-^d culture of each isolate having 5 mg weight 
(A. b r a ^ ic a e ,  A. b r a s s ic ic o la  and A. ra p h a n i)  was taken.
Lires were taken in 12 h light and 12 h dark 
i s  in the sporulating chamber so that they show 
sporulation. The PA spectra of pathogen spores 
Iporded by loading the pathogen spores directly 
photoacoustic cell.
r'
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3. Results and discussion
The PA spectra of conidia of different isolates of 
A lte m a r ia  v iz . A. b ra s s ic a e , A. b r a s s ic ic o la  and A. ra p h a n i  
showed variability in the photoacoustic spectrum shown 
in Figure 2. The observed sp>ectral characters were
F igure  2. Photoacoustic spectra of different altem aria isolates.
markedly different for each isolate at lower frequencies 
between 5 Hz to 150 Hz and the strength of PA signals 
of different isolates was comparable, while at higher 
frequencies, 150 Hz to 350 Hz, the photoacoustic spectra 
of the isolates showed almost similar graphic pattern. 
The PA spectra of the three isolates of A l te m a r ia  show 
variability in lower frequencies (5 to 50 Hz) but at 
higher frequencies, the PA spectra did not show any 
remarkable change. The PA spectra of A. b r a s s ic ic o la  
and A. r a p h a n i were different than that of A. b r a s s ic a e ;  
their PA spectrum also showed greater differences at the 
lower frequencies but at the higher frequencies, they 
were more or less similar. Likewise, the PA spectra of 
the leaves of B r tts s ic a  J u n c e a  var. Kranti. R a p h a n m  
s a tiv u s  and B r tis s ic a  o le r a c e a  var. c a p i ta ta  inoculated
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with isolates of A. b r a s s ic a e . A, ra p h a n i and A. 
b ra ss ic ic o la  (Figure 3—5) showed a remarkable variability.
chopper frpqupncy
Figure 3. Photoacoustic spectra of mustard.
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Figure 4. Photoacoustic spectra of cabbage.
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Figure 5. Phocoacoustic spectra of radish.
The PA spectra of A. b ra ss ic ic o la  infected leaf showed 
higher PA signals at the low frequency (5 to 20 Hz) but 
at higher frequencies, it did not show much difference. 
The PA spectra of A ra p h a n i infected leaves also showed 
higher PA signals at the lower frequencies (5 to 150 Hz) 
but at higher frequencies, it showed less variability. The 
spectra of the leaves inoculated with A. b ra s s ic a e  isolate 
also stowed differences in their spectrum. Their PA 
signal ranges firom 0.5 to 3.0 for these isolates. The PA
spectra of the healthy leaves of B ra ss ic a  Juncea var. 
Kranti. R aph an u s sa tivu s  and B ra ss ic a  o le ra c e a  var. 
ca p ita ta  (inoculated with sterilized distilled water) did 
not show any remarkable differences in their PA spectrum. 
The PA signal for them ranges from 0.2 to 0.3 in every 
case. The PA spectra of tolerant varieties are also reported 
in figures. The trends of PA signals are same but it lies 
between the healthy and inoculated leaves.
The results of this study demonstrate that PA 
spiectroscopy can be applied for detecting differences of 
the isolates. The PA spectra of A lte m a r ia  brassicico la  
and A lte m a r ia  raph an i also showed variability in their 
graphic pattern. The PA graphs of leaves of different 
hosts {B ra ss ica  Ju ncea  var. Kranti, R aph an u s sa tivu s  and 
B ra ss ica  o le ra c e a  var. c a p ita ta ) inoculated with different 
isolates of A. brassicae^  A. b ra ss ic ic o la  and A. raphani 
also showed differences in their PA spectra, thus it is 
revealed that this technique proved useful for differential 
diagnosis of various isolates of same pathogen as well as 
different host reactions. Eventually, PA spectroscopy might 
be used as a rapid, sensitive and economical detection 
method for studying variability among pathogen. PA 
spectra of healthy leaves of B. Juncea  genotype Kranti 
showed low PA signals (0.2—0.4 volts) whereas the 
inoculated leaves by different isolates showed remarkable 
differences in their PA graphs. All the spectra of isolates 
showed higher PA signals at lower frequencies (5 to 50 
Hz) but at higher frequencies, they did not give much 
difference (Figure 3).
The Altemaria blight fungus caused the destruction of 
photosynthetic pigments, increase in nucleic acids and 
changes in the macromolecules [11]. Therefore, it is 
possible to measure the extent of disease severity 
symptoms by means of photoacoustic analysis as being 
used to detect distribution of photosynthesis pignnents in 
diseased leaf tissues at various depths [5]. Photoacoustic 
signal strength from the inoculated leaves, was consistently 
higher than that of healthy leaves. It is because the 
contribution of heat emission through the non-radiativc 
de>excitation in the diseased leaves is large. Due to 
destruction of chlorc^yll molecules in the diseased leaves, 
the absorbed photons, not trapped by the primary 
photosynthetic pigments, contribute to heat emission 
through non-radiative de-excitation, resulting in a strong 
phc^oacoustic signal. On the other hand, the healthy leaf 
displayed weak photoacoustic signal at all the frequencies 
due to utilization of photons by the f^otosyntbetic 
pigments and thus, their reduced contribution to non>
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radiative de-excitation. The contribution of heat emission 
through non-radiative de-excitation in the diseased leaves 
is higher due to the appearance of other biomolecules as 
a result of fungal infection. These new btomolecules 
absorb the photons and do not transfer them to the 
primary photosynthetic reaction center. Therefore, they 
emit these photons non-radiatively, which leads to 
enhanced photoacoustic signal as compared to those form 
healthy leaves. Our observations are strengthened by the 
work of many workers [8,12-16].
The observed spectral characteristics were markedly 
different for each genotype. At lower frequencies, the 
strength of photoacoustic signals form moderately and 
severely infected leaves were comparable while the healthy 
leaf exhibited a relatively weak photoacoustic signal [3]. 
During the infection process of A. b r a s s ic a e , the host 
cell shows necrotic response. Once within the host, the 
epidermal cells are fully invaded and mycelia ramify 
through and between the mesophyll and palisade cells, 
the entire leaf is soon parasitized. Early in the post 
penetration phase, the invaded epidermal cells become 
necrotic and the parenchyma tissue ahead of the advancing 
hyphac often collapse. This phase shows the disappearance 
of chlorophylls due to disorganization of chloroplast grana 
[111. Therefore, it is possible to measure the extent of 
disease by means of photoacoustic analysis used to detect 
distribution of photosynthesis pigments in diseased leaf 
tissues at various depths [3].
The results of present study reveal that on the basis 
of disease reactions of different isolates of A . b ra s s ic a e ,  
A. b r a s s ic ic o la  and A , ra p h a n i genotypes, we can detect 
the extent of damage caused by a particular pathogen. 
Present study demonstrates that PAS can be a useful 
method for pathological diagnosis, plant pathogen
interaction and screening for resistance in the breeding 
programs. As a procedure, it would be useful to first 
screen for resistance by PAS and further test the identified 
resistant genotypes by epidemiological components.
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